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Background. The timing of cardiac surgery after stroke in infective endocarditis (IE) remains controversial. We examined the relationship between the timing of surgery after stroke and the incidence of in-hospital and 1-year mortalities.
Methods. Data were obtained from the International Collaboration on Endocarditis-Prospective Cohort Study of 4794 patients with definite IE who were admitted to 64 centers from June 2000 through December 2006. Multivariate logistic regression and Cox regression analyses were performed to estimate the impact of early surgery on hospital and 1-year mortality after adjustments for other significant covariates.
Results. Of the 857 patients with IE complicated by ischemic stroke syndromes, 198 who underwent valve replacement surgery poststroke were available for analysis. Overall, 58 (29.3%) patients underwent early surgical treatment vs 140 (70.7%) patients who underwent late surgical treatment. After adjustment for other risk factors, early surgery was not significantly associated with increased in-hospital mortality rates (odds ratio, 2.308; 95% confidence interval [CI], .942-5.652). Overall, probability of death after 1-year follow-up did not differ between 2 treatment groups (27.1% in early surgery and 19.2% in late surgery group, P = .328; adjusted hazard ratio, 1.138; 95% CI, .802-1.650).
Conclusions. There is no apparent survival benefit in delaying surgery when indicated in IE patients after ischemic stroke. Further observational analyses that include detailed pre-and postoperative clinical neurologic findings and advanced imaging data (eg, ischemic stroke size), may allow for more refined recommendations on the optimal timing of valvular surgery in patients with IE and recent stroke syndromes.
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Stroke syndromes remain one of the most common and often devastating complications of infective endocarditis (IE). The published incidence of stroke in IE varies from 10% to 50% [1] [2] [3] [4] [5] [6] [7] [8] , with an associated mortality that ranges from 20% to 58% [9] [10] [11] . The timing of valvular surgery in such patients remains controversial. The high rates of postoperative morbidity and mortality reported in earlier studies [12] [13] [14] have resulted in great hesitation in referring patients with IE and recent stroke for immediate valvular surgery. More recent investigations have suggested better outcomes of IE patients with stroke who underwent cardiac valvular surgery, particularly in the presence of ischemic rather than hemorrhagic stroke [15] [16] [17] [18] . Current recommendations are somewhat ambiguous, but generally favor deferral of surgical intervention for 2-4 weeks after a significant ischemic infarct and at least 4 weeks after intracerebral hemorrhage, unless a delay in surgery puts the patient at immediate risk of death [19] [20] [21] [22] .
There have been no large, prospective studies to date that definitively guide decision making in terms of the timing of cardiac surgery in IE following acute stroke syndromes. In the present investigation, we utilized a large, prospectively enrolled, multicenter database registry of IE patients to specifically address the outcomes of cardiac surgical intervention following recent stroke. A recent study from The International Collaboration on Endocarditis-Prospective Cohort Study (ICE-PCS), established in 2000, suggested a survival benefit of cardiac surgery at any time during hospitalization after stroke complicating IE [23] . The objective of the current study was to further evaluate the influence of the timing of cardiac surgical interventions on in-hospital and longer-term mortality of patients with IE and recent ischemic stroke.
METHODS

Patient Population
Data from the ICE-PCS were used for this study. From June 2000 to December 2006, 4794 patients with definite IE were enrolled into ICE-PCS from 64 centers in 28 countries. Full details on site criteria for participation and data collection have been presented previously [24] .
Patient Selection/Data Collection
Patients were identified prospectively using site-specific procedures to ensure consecutive enrollment. Patients were enrolled in ICE-PCS if they met criteria for "possible" or "definite" IE based upon the modified Duke criteria [25] . A standard case report form was used at all sites to collect data. Analysis included patients with definite IE, ischemic stroke, and known timing of cardiac surgery regarding the onset of stroke. Patients with hemorrhagic stroke were excluded from the study. Study flow is presented in Figure 1 .
Definitions
"Stroke" was defined as an acute neurological deficit of vascular etiology lasting >24 hours, and was further characterized as ischemic or hemorrhagic using neuroimaging results. Patients with other neurologic manifestations associated with IE (eg, meningitis, brain abscess, septic encephalopathy, intracranial mycotic aneurysm, transient ischemic attack) were excluded.
On the basis of the time between stroke and cardiac surgery, patients were divided into 2 groups: early (surgery performed 1-7 days after ischemic stroke) and late (surgery >7 days after ischemic stroke). Survival duration was defined as the time of admission into referral center to time of death or last contact.
Statistical Analyses
Categorical variables are reported as frequency and percentage. Continuous variables are reported as median and 25th and 75th percentiles. Simple comparisons were done for categorical variables using the χ 2 test or Fisher exact test as appropriate. If the number of patients within the cell was <10 patients, we used Freeman-Halton extension of the Fisher exact test as a more conservative approach. The Wilcoxon rank sum test was used for continuous variables. A multivariate logistic model was applied to assess the strongest independent risk factor for in-hospital death after adjustment for possible confounding factors. All variables that were statistically significant (α = .05) in the bivariable analyses were included in the initial (full) multivariable logistic regression model. Regression diagnostics and overall model fit were performed according to standard procedures. In multivariable analysis, variables not significantly associated (α > .05) with the outcome were removed from the model to avoid overfitting the model. Each of the removed variables was then individually reinserted into the model to assess if its presence altered the regression coefficient by ≥20%. If so, this confounding variable was included in the final model. The resulting multivariable logistic regression model was considered the final model and was used to calculate odds ratios (ORs) and 95% confidence intervals (CIs) for the remaining risk factors [26] . Coefficients were computed by the method of maximum likelihood.
To assess the impact of early surgery on long-term survival, the probability of survival was estimated by use of the Kaplan- Meier method and the log-rank test for patients undergoing cardiac surgery who were in the early vs late groups. Multivariable Cox proportional hazard regression model was used to determine the impact of early surgery on long-term survival after adjustment for clinical covariates found to be associated with survival.
For all statistical tests, significance was determined at an α level of .05. All analyses were performed using SAS software (version 9.3, SAS Institute, Cary, North Carolina).
RESULTS
Among 4794 patients with IE, there were 857 (18%) whose course was complicated by stroke, at a median of 4 days (25th and 75th percentile: 0 and 17 days) from the onset of symptoms ( Figure 1 ). Overall, in the majority of these IE patients presenting with stroke syndromes, neuroimaging confirmed ischemic (556 patients, 64.9%) rather than hemorrhagic events. These patients with ischemic strokes formed the basis for all our further investigations. Among the 556 patients with ischemic stroke, the percentage of patients undergoing cardiac surgery was significantly lower than for 3937 patients without stroke (237 [42.6%] vs 2016 [51.2%], respectively, P < .001; OR = 0.709 [95% CI, .593 vs .849]). The median time from admission to referral center to cardiac surgery in patients with IE and stroke was 8 days (25th and 75th percentile: 3 and 20 days), which was not different than in patients without stroke (median 8 days, 25th and 75th percentile: 2 and 19 days). Of 237 patients who underwent surgical treatment, 198 underwent surgery after their stroke. Cardiac surgery was performed 1-7 days after stroke (early group) in 58 (29.3%), and 140 (70.7%) after 7 days (late group).
Demographic characteristics and baseline clinical data were compared between the 2 groups (Table 1 ). There were no differences regarding baseline characteristics except for causative microorganism. When compared to all other pathogens or culture-negative cases, Staphylococcus aureus IE was more commonly associated with valve surgery within the first week after onset of neurologic symptoms (28 [48%] vs 45 [32.1%], P = .036). Time to admission into the referral center was also shorter in the early surgery group. No differences between groups in the terms of presence or frequencies of chronic underlying diseases, predisposing factors for IE, or clinical manifestations of IE were found.
Complications of IE that might be associated with a greater likelihood of cardiac surgery and in-hospital mortality are presented in Table 2 . The incidence of IE complications was similar between the 2 groups, except for a tendency toward a higher frequency of congestive heart failure in patients in the late surgery group (P = .061). Differences in in-hospital mortality are also presented in Table 2 . There was a nonsignificant trend toward higher in-hospital mortality in the early group. Multivariable logistic regression modeling was utilized to determine characteristics associated with in-hospital death and to estimate the impact of early surgery. Univariate analysis identified age, diabetes mellitus, healthcare-associated infection, and intracardiac abscess as possible risk factors associated with in-hospital mortality ( Table 3 ). These covariates were entered into the model along with early surgery. Because age and diabetes were not any more significantly associated with in-hospital mortality in the multivariable model and were not identified as significant confounders, they were excluded from the final model to enhance the accuracy of the model. Goodness-of-fit (Hosmer-Lemeshow test, P = .817) and accuracy (concordance = 0.773) indexes of the regression models were satisfactory. The analysis confirmed that intracardiac abscess and healthcare acquisition were independent covariates associated with in-hospital mortality, but timing of surgery did not significantly influence patients' outcome (Table 4 ).
To evaluate the potential influence of early surgery on 1-year mortality, 1-year survival was calculated according to the Kaplan-Meier method (Figure 2 ). There was no difference in 1year mortality between 2 surgical treatment groups. The probability of survival 1 year after admission to referral center was 72.9% in the early group vs 80.8% in the late group (P = .328, log-rank test). Cox regression analysis confirmed that after an adjustment for other previously identified significant covariates (intracardiac abscess and healthcare-associated IE), timing of cardiac surgery had no significant impact on long-term survival ( Table 4 ). Healthcare-associated IE was still associated with a greater probability of death within 1 year of admission, although the result was not any more statistically significant. After repeating the analysis with stratification by the type of IE (native or prosthetic valve), there was still no difference in survival according to the type of affected valves (data not presented).
DISCUSSION
The appropriateness and timing of cardiac surgery after stroke in IE remains controversial owing to numerous limitations of previous studies including, small statistical sample sizes, retrospective data collection, and nonrandomized trial designs. The present study is the first to our knowledge to evaluate timing of surgery after stroke in IE with risk adjustment for differences in patient characteristics. Early surgery was found to be associated with a nonsignificant increase in-hospital mortality when compared with patients operated on later (>7 days) after stroke, but this finding may have been related to adverse clinical characteristics in the early surgery group. Importantly, 1-year mortality rates were similar for early vs late surgery, and the in-hospital and 1-year mortality rates in our early surgery group compares favorably with overall cited mortality rates described in recent literature of patients with IE in general [27] ; all patients with IE undergoing cardiac surgery [28] ; all patients with IE who experience stroke [9, 29] ; and all patients with IE, stroke, and surgery [15, 16] .
Our findings add credence to a growing body of literature suggesting that early cardiac surgery after ischemic stroke is not contraindicated and can be performed without delay with acceptable operative and longer-term survival when indications for surgery are present. A recently published study by Gaca et al confirms the safety of surgery after stroke, although they showed that postoperative length of stay was longer in patients with a recent stroke than those with a more remote stroke event [30] . In the context of other recent studies demonstrating the relative safety of early surgery from a neurologic perspective [15, 20, 26] , it appears that early surgery for IE when otherwise indicated should not be delayed for the presence of stroke alone. As recently reported in the Early Surgery Versus Conventional Treatment for Infective Endocarditis randomized study, delayed surgery may be associated with additional embolic events, and delayed surgery was not associated with a higher mortality [31] . This study has several limitations. The ICE-PCS cohort may be influenced by referral bias, because many centers are tertiary care facilities with voluntary participation. Selection bias for both surgical intervention and its timing after hospitalization may influence the results of this study, and the basis for surgical timing may be arbitrary rather than based on specific clinical reasons. The ICE-PCS case report form does not record data on the severity of neurologic deficit with stroke, the size, number and location of embolic lesions, or information on the presence of septic shock; in addition, patients with adverse clinical status may have had delayed or no surgery performed. Among the patients with ischemic stroke who underwent cardiac surgery for IE, data on the severity of stroke or neurologic impairment before and after surgery (eg, Glasgow Coma Scale or NIH stroke scale) were not collected to determine whether this influenced timing of surgery or outcome. Furthermore, data on the time of stroke were missing in 11% percent of patients with ischemic stroke. Finally, data regarding vegetation size after stroke were not collected; it is conceivable that larger vegetation sizes may have influenced earlier timing of surgery.
In summary, there seems to be no apparent survival benefit in delaying otherwise indicated valvular surgery in IE patients after ischemic stroke. However, it is unlikely in the near future that randomized studies regarding surgery in IE patients, if performed, will enroll enough patients with stroke and subsequent surgery to allow for more meaningful statistical analysis in this area. Further observational analyses that include preand postoperative clinical and neuroimaging data, however, may allow for more refined recommendations on the precise role of early valvular surgery in patients with IE and recent ischemic stroke.
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